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Introduction
Surimi product is a traditional food in Japanese cuisine (Park, 2013) . The texture of surimi product is stabilized by myofibrillar protein networks of myosin and actin (Stone and Stanley, 1992) , though organic impurities such as sarcoplasmic proteins, lipids, and blood components decrease the strength and whiteness of protein gels. Accordingly, conventional surimi technology involves repeated washing of minced fish muscle to remove undesirable organic compounds. The wastewater thus generated contains a high concentration of organic fish solids (Karayannakidis, et al., 2007) , which have a marked impact on the environment due to their high chemical and biochemical oxygen demand (Islam, et al., 2004) .
Therefore, a demand exists for the development of a recovery method from surimi wash-water (SWW) to increase the yield of fish protein and to reduce the negative environmental impact (Park, et al., 2001 ).
Various SWW protein recovery methods have been developed for industrial applications, such as ultrafiltration (Lin, Park, and Morrissey, 1995; Montero and Gómez-Guillén, 1998) , precipitation by flocculation using alginate and chitosan (Wibowo, et al., 2005 (Wibowo, et al., , 2007 , and ohmic heat treatment of well-denatured protein (Huang, et al., 1997; Kanjanapongkul, et al., 2008) . The most versatile method for the industrial application of surimi from fish is pH shift because of its low cost (Okazaki, 1994; Nishioka and Shimizu, 1983; Niki, et al., 1985; Torres, et al., 2007) . In particular, the pH shift method has been applied to isoelectric solubilization/ precipitation, which is a high-efficiency protein isolation method that lacks time-consuming washing processes (Gehring, et al., 2011; Martín-Sánchez, et al., 2009; Nolsøe and Undeland, 2008) .
Briefly, all fish proteins can be easily solubilized at acidic and/or alkaline pH due to the increase in electrostatic repulsion between proteins. In contrast, co-aggregation of proteins occurs at the pH K. IwashIta et al. 744 levels close to their isoelectric point. The driving force of protein aggregation at the isoelectric points of protein complexes is hydrophobic interactions between protein molecules. The pH shift method can be applied on an industrial scale for SWW protein recovery (Nishioka and Shimizu, 1983; Niki, et al., 1985) .
However, not all of SWW proteins can be recovered by the pH shift method because proteins have different isoelectric points.
In this study, we improved the recovery of SWW protein in the pH shift method by combination with heat treatment. Heat treatments induce protein aggregate formation by increasing hydrophobic interactions between thermally unfolded molecules (Hamada, et al., 2009; Shiraki, et al., 2016; Totosaus, et al., 2002) .
Proteins are prone to form aggregates when subjected to heat treatment around their isoelectric point (Tomita, et al., 2011) . The optimized conditions outlined in this paper are useful for the recovery of protein from the waste fluid of Alaska pollock.
Materials and Methods
Discharge process of surimi wash-water Alaska pollock from the Bering Sea was processed (Maruha Nichiro Co. Ltd., City, Alaska) into surimi by the conventional method ( Figure 1 ). Briefly, fish meat blocks with backbone and skin were obtained from raw fish by beheading, gutting and cutting. The fish meat block was minced using a meat grinder equipped with a 5.0-mm bore plate accompanied by removing the backbone and skin. Minced meat was washed with cold water, washed meat was subjected to refining with a 1.3-mm bore plate in order to remove small bones or skin and large tendons, and meat was dewatered using a screwpress dehydrator to obtain raw surimi. Myofibrillar proteins and skin were removed from the screw-press waste-water using a decanter. All steps were performed at a temperature below 10℃.
Surimi wash-water (SWW) emitted on the steps of leaching, dewatering and washing in the factory was stored at _ 30℃ until use in the laboratory-scale experiment for 2 months; however factory-scale experiments were performed using SWW not subjected to freezing. 
Determination of protein solubility

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
Supernatants of SWW after pH shift and heat treatment were mixed with 125 mM Tris-HCl (pH 6.8) loading buffer solution containing 4% (w/v) sodium dodecyl sulfate (SDS), 10% (w/v) sucrose, 10%
(v/v) β-mercaptoethanol, and 0.01% (w/v) bromophenol blue at ratio of 1:1. Samples were heated for 5 min in boiling water, and were then subjected to SDS polyacrylamide gel electrophoresis (SDS-PAGE) using a 5 _ 20% gradient gel (e-PAGEL; ATTO Co., Tokyo, Japan) with a molecular weight marker (Precision Plus Protein Dual Xtra Standards; BIO-RAD, Hercules, CA). Samples were loaded at 5 μL/lane. Gels were then stained using silver nitrate. and that of the supplied SWW per unit of time.
Recovery of protein in surimi wash-water in the factory
Surimi gel preparation and analysis The SWW solution at pH 5 was heated at 60℃ in the factory, and the recovered samples were combined with the original surimi (RA grade) at a rate of 0 _ 30% (w/w), followed by mixing with 0.25% (w/w) sodium phosphate, 5% (w/w) sorbitol, 4% (w/w) sucrose, and 3% (w/w) sodium chloride for 3 min at 10℃ using a cutter mixer (AP-12, Bibun Corp., Fukuyama, Japan). Mixtures were stuffed into 30-mm diameter tubes made of polyvinylidene chloride film, and both ends were bound tightly. "Direct gel" was prepared by heating for 30 min in a 90℃ water bath. "Set gel" was prepared by holding tubes in a 30℃ water bath for 60 min prior to heating for 30 min in the 90℃ water bath. After heating, gels were equilibrated to room temperature (25℃), and were cut to 25 mm in height.
The central color of cut sections was determined using a colorimeter (ZE-6000, Nippon Denshoku Industries Co., Ltd.,
T o k y o , J a p a n ) , a n d l i g h t n e s s ( L * ) , r e d n e s s ( a * )
and yellowness (b * ) values were recorded. Whiteness was calculated as and determined as the average of six samples.
Breaking force and strain were measured using a texture analyzer (CR-500DX, Sun Scientific Co., Tokyo, Japan) with a 5-mm diameter spherical probe at a depression speed of 60 mm/ min. Breaking force and strain were determined as the average of 12 samples.
Results and Discussion
Protein precipitation by pH shift Thawed SWW contained some precipitation derived from myofibrillar proteins. The SWW pH was adjusted to 2 _ 12 using small amounts of HCl or NaOH solution, irrespective of precipitation. Samples at various pH levels were centrifuged at 3000×g for 1 min to remove large particles.
Aggregates were fully precipitated by the centrifugation.
Concentrations of proteins in the supernatants were then measured using the conventional Biuret method (Gornall, et al., 1949) These data indicate that the composition of protein aggregates is affected by the pH of the solution. The pH shift method is favorable for recovering great quantities of SWW proteins due to of the factory-scale experiment was highest at pH 5, which is similar to the laboratory-scale experiment. Table 1 shows the composition and recovery yield obtained from the treated samples by pH shift and heat treatment. The solid and moisture contents of the 50℃-treated sample were 20.4% and 79.6%, while those of the 60℃-treated sample were below 21.1% and 78.9%. The solid-state content was further increased by increasing the treatment temperature to 70℃. It was noted that the rate of protein precipitation from the 60℃-treated sample on the laboratory scale was almost 85%, while the recovery yield on the factory scale was no more than 21.1% under the same pH and heat treatment conditions. This was probably due to the differences in centrifugation conditions: a batch tabletop centrifuge was used for laboratory-scale recovery of SWW protein, while a continuous decanter centrifuge was used for factory-scale recovery. Thus, it In fact, small particles can be recovered by alginate as a solvent additive to form a large coacervate (Wibowo, et al., 2005 (Wibowo, et al., , 2007 .
The difference between laboratory-and factory-scale processes is another factor that may contribute to the destabilization of protein due to freezing SWW for laboratory-scale experiments. It has been reported that frozen storage made SWW protein of Alaska pollock prone to aggregation by heat treatment (Wang, et al., 2013) .
Effect of recovered solid on the gel properties
The factoryscale experiment showed that the recovery yield of protein from SWW increased with increasing heating temperature, though the sample heat-treated at 70℃ showed browning due to the Maillard reaction. Browning is an unfavorable quality in surimi product.
Thus, we further investigated the gelling properties of mixtures of the protein recovered from 60℃-treated samples of SWW into original surimi (RA grade). We chose a low-grade surimi (RA) for this prototype surimi because the excellent gel forming properties of high-grade surimi were markedly impaired by mixture with 60℃-treated samples of SWW. We prepared two-types of gel:
"Direct gel" and "Set gel". Table 2 shows the color properties and strength of direct and set gels. Both gels added to 60℃-treated samples demonstrated slight coloring. The gel strength of the set gel decreased with increasing recovery protein contents, while that of the direct gel retained constant. It is noteworthy that both pH and moisture content remained constant by the addition of recovered solid at 30% w/w. Therefore, these had little effect on the degradation of gel qualities by pH and moisture contents.
Sarcoplasmic protein and protease included in SWW may impair gel properties, such as color and strength (Kim, et al., 2005; Velazquez et al., 2007; Visessanguan and An, 2000) . Nevertheless, these data indicate that 60℃-treated samples can be sufficiently utilized as extenders of surimi products.
For combination pH shift and heat treatment of recovered protein from Alaska pollock SWW, a two-step pH shift and twostep heat treatment was required (Niki et al., 1985) . Here, we
proposed an improved method using a one-step pH shift and onestep heat treatment, which provided a milder set of conditions to obtain a suitable recovery for additives to surimi products than the above method. In addition, the recovery yield of protein was higher using the decanter in this investigation than that using a conventional pressure flotation apparatus, although both samples contained equal salt concentrations. Consequently, the ash content of dried recovery was less using the decanter centrifugation.
Therefore, surimi added to the recovery is suitable for use as food because of its low salt concentration.
Conclusions
In this study, we proposed an improved method of SWW protein recovery from Alaska pollock. Almost all SWW protein was successfully recovered at pH 5 with heat treatment above 60℃
for 20 min in a laboratory-scale experiment. The use of a decanter in a factory-scale experiment decreased the recovery to 21% for the above conditions. The recovered protein from SWW mixed into surimi protein was slightly reduced in whiteness, but retained its breaking force and strain in the direct gel treatment. Therefore, it is concluded that pH shift and heat treatment successfully improve the recovery of protein from Alaska pollock for surimi products.
